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Description 
Field of the invention 



This intention relates to a method for the inactivation of viruses in compositions containing blood 
5 aJ£l££e£Z». especially prothrombin and clotting factors VII. IX and X. to produce compositions 
wE are no onger potentially hazardous to patients and medical personnel. In particular, this •"venhon .s 
concerned with inactivating viruses in prothrombin complex, a known therapeutic blood plasma fract.on 
which is a mixture of prothrombin and factors VII, IX and X. 

'° ^Z^u^^Zn of virus", or "substantia.* free of infectious virus" as u 

thatthe residual titer of biologically infectious virus in products treated according to the method deaoibed 
SowlslTlow that infusions of therapeutic quantities of the product into a plurality of normal animal 
hMte for tte vTrus in question will not produce statistically significant clinical or serological evidence of 

is SifSioJ ^(p<0 1) in artistically significant host population. This does not requ.re that the products be 
sterS. o?com P tetely free of virus because compositions having a low viral titer may have therapeufc 
utility where the alternative is a more contaminated material. . . 

Hageman factor, prothrombin and factors XI, VI., IX and X are all plasma proenzymes. ^ J 
in a complex cascade of enzyme mediated reactions culminating in the conversion of fibnnogento a fibnn 

2 o clolSpaStion in this cascade is initiated by changes in the primary or conform*. onal structur^ . of 
Xoroer^me which converts it to an active proteolytic enzyme. This change .s termed "activation ofthe 
proe™ Fo^e slke of brevity, "blood clotting enzymes" shall include both me enzymatically 
nonfunctional proenzymes as well as their enzymatically active forms obtained by activation. Similar*, 
redtetiS oTfartor designations or names as used herein shall be construed to include bo h forms ^of the 

25 ™es eg. "factor X" shall include both activated as well as unactivated factor X and mixtures thereof. 
From time to time the abbreviation "F" will be used for "factor". 

Each of the blood clotting enzymes has its own specificity and performs an established task in the 
clotti-ng mechanism. For example, activated factor IX hydrolyzes factor X in the presence of ^a«"«^ 
faSrVIH, a protein cofactor, to produce activated factor X. Thrombin (activated prothrombin) cleaves 

m fibrinoaen a nrotein substrate, to yield fibrin monomers which eventually form a dot 

30 Faltors VII (proconvertin), X (plasma thromboplastin antecedent) and IX (Christmas factor are a« beta 
qlobuS The K we ght of factors VII and IX are about 35,000 and 50,000 respective y. Factor X 
alsoSd sZZ ^Prower factor, is an 87.000 molecular weight alpha globulin. Prothrombin (factor II) is a 
glyco^'oteiSng a molecular weight of about 68.000. Hageman factor (factor XI.) is also a glycoprotein, 

35 S^SSS !^ ht£n2ffir biological role as proenzymes «d , ^^ng en^m es in the 
dotting of blood, a role not shared by other plasma proteins such as antrthromb.n 111.^ albumin 
antihemophillic factor (factor VIII). gamma globulin or fibrinogen. Plasminogen is not a blood clotting 
P n?ereyTe Z ttiaUerm is used herein because its active form does not participate in the generation of the 

mi clot but instead diqests fibrin in an existing clot ,.,...„. 
Blood clotting enzymes are prepared commerdally by known methods from large pools of individual 
blood P ^snTdo 9 naZs. All plasma units utilized in their manufacture are tested for the presence ^f 
heoatitis B Surface antigen using test systems licensed for that purpose. These immunological tests. 
ES, are nTtlufficiently sensitive todetect all potentially infectious unite of hepatitis B In addition 

45 heoatitis virus may be concentrated during the fractionation procedure. Thus the small^ amount of 
SnKcUle vims -mat may be contained in a large plasma pool may become significantly infective when ,t 

" d^Xme^lsptific diagnostic tests for hepatitis A and hepatitis B has made il | possiWe to 
identify a third Spe of viral hepatitis that is apparently unrelated immunologically o either f ^*efln«t^ 

«, The fransmissible agent, non-A, non-B hepatitis, has been confirmed by transmission of the disease to 
cfLpanze^D^ to pathological material. There are several lines of evidence pointing to more 
than on *n?n X non B I hepatitis virul. These include cases with sequential episodes of apparent acute 
n^nTnon-B ^patrtis, variability in epidemiology and clinical syndromes including incubation period* 
Specifically in the case of blood clotting enzymes hepatitis transmission via .infusion of the products 

« remains a problem even where the source plasma has been screened for hepatitis B. (Roberts et aL. 

55 ^rombos! D^thes. Haemorrh. [Stuttg-1 33: 610-616 [1975]). Furthermore, it ,s conceivable that 
adventitious viruses other than those responsible for hepatitis could contaminate the preparat -ons Jhus a 
ne^d exists for a process that will inactivate all viruses, including hepatitis, that may be found ,n these 

so PreP |Stere S d reports exist of inactivating hepatitis virus in plasma or solutions of blood frMdom 
bv heatina the liauid plasma or fraction. Murray in "The New York Academy of Medicine 31 5).342-358 
M955? Si ^ Sating icterogenic activity in plasma by heating at 60°C for ten hours. This procedure 
ha7bng P Deen ustdt inactivate hepatitis in albumin and plasma ^^"Jr^rtokil. 
Belgian patent 844,566 discloses heating liquid plasma or serum for i/2-^ hours at _ 50-60 C to kill 

6S hepatitis virus, followed by fractionating the plasma or serum to obtain immune globulin G. 
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»ai^ r oma „ Offpnleaunaschrift 29 16 711 discloses stabilizing plasminogen, prothrombin, 

to 48 hours at from 30 to lOf/C to inactivate hepatitis virus. ^ ,. or tain 

* All oftte foreqoing techniques are disadvantageous. While the v.ruses may be inactivated, certain 

ItS now been found that viruses, particularly hepatitis viruses, present in blood 
, 5 comSons may be inactivated without substantially affecting the act.vrty of *e enzymes by heating the 
e™s in *e d% state until the viruses are inactivated. The resulting compositions conta.n ™nmfect.ous 
v^s and are substantially free of infectious virus and denatured blood clotting enzymes The preferred 
cTpSons are substantia.* free of infectious hepatitis virus. The inactivation Is mon.tored by the use of 
a dry biological indicator comprising protein and a predetermined viral titer. 

20 

™tS£2K tJIZJSZS****, between sindbis virus and prothrombin complex ii^ivation on 
the onlh^d and temperature and time on the other. In the dry state, the rate of viral mactiyation far 
IS Sat of ^he clotting factors, as shown by a comparison of the dashed inactwation lines, 
25 re1nSntin?do«ng factor inactivation. and the solid lines, representing viral inactivation. n parhcu ar. he 
RgurdemonsSSat a sindbis virus population in prothrombin comp.ex can be effectively inactivated 
in less than 31 hours, with virtually no concomitant loss in enzyme activity. 

30 ^Th1c7o^ 

blood plasma in any known fashion. Suitable examples of such methods are disclosed in U.S. patent 
3 560 475 Other methods will be apparent to the ordinary artisan. 

^rtem^'blood-clotting enzyme composition" is used in this specification to mean one , jrv which .the 
eraymeVare purified to at least from about 3 to about 50 fold over their concentration in normal human 
vi „Z7 -mpj nreferablv contain less than about one percent the amount of protein in norma, human 
plasma" Tn7degfeTS p SESmS not critical. However, less pure product will have a relatively low 
Ser^utic uti^Tecause only limited volumes of protein solution can be administered to a patient and 
mis voluml may ncTcontain tiie desired amount of clotting factors. On the otter hand, more extensive 
DurfficatioTmay be unnecessarily costly in providing the desired therapeutic utility. Ord.nanly the producte 
40 wtlfKuSialty free of plasminogen, plasmin, gamma globulin, antihemophilic factor * ilbumin and 
fihrinoaen Occasionally, albumin may be present in about from 1 to 3 percent by weight Optimally, the 
erSrmll are sufficiently purees to be substantially free of reducing monosaccharides from the starting 
plasma, in particular glucose. 

The enzyme compositions may contain one or more conventional enzyme stabilizers such asarano 
45 acidsinno^us proteins, non-reducing monosaccharides, oligosaccharides and sugar alcohols^ 
ReoVe^enS stabHizers include albumin, glycine, proline, mannitol and sorbitol. If the compositions are 
to^n^*pSSrfly one must use physiologically-acceptable stab lizers in P^-oog.^lly- 
accStabte amounts. Generally, the stabilizers are present in amounts ranging from about 0.5% to 3/o by 
3t l£e ^stabilizers also accelerate dissolution of the lyophilized compositions and e nha >™ ^dartfy 
50 oTffi solutions so formed. However, it is preferred that the compositions to be treated contain no 
steSLrs generally, the stabilizers are unnecessary because the enzymes alone exhibit Remarkable 
Sb S^n the dry state. Thus the compositions may contain less than 1.0 mole/l of amino acidj prrferably 
Sss than about 0.75 mole/1 and less than 20% w/w of saccharide or sugar alcohol, preferably less than_ 
about 5% saccharide or sugar alcohol. 

The pH of compositions which may be treated according to the process described herein will range 
from about 6.0 to 8.0, and is preferably about from pH 6.5 to 7.5. The clotting I enzymes Prothrombin 
HaTeman factor and factors XI, VII, IX and X may be further purified so as to be substantially free from one 
S^V^^Um. composition is said to be substantially free of another ^me as that language 
is used herein, the contaminant enzyme is ordinarily present in quantities less than about 2% by ^ weight 
baSd on ne amount of the entire composition, or less than about 10% based on the weight of the 
orelomTnant enzyme. Factor IX is commonly prepared as such and isolated by known met hods, a g by 
affiXchromatography on heparin agarose, so that the concentration of factor IX ;s about from 25to 50 
timeTthat of either factor X or thrombin. Such factor IX preparations usually conta.n about from ,20-120 
unte of factor IX/ml. Prothrombin also may be removed by known methods. Such compositions 
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substantially free of prothrombin may be used in the method herein. Other techniques are well known for 

^3SSd in two widely used therapeutic products ^oth^in 
compfcx a°Jo^ complex. Prothrombin «*«^ 3 

5 factors VII, IX and X in about the following unit ranges per ml, respectively. 1-10, 37 190, 
1—30 Dreferably 3.6-8.9, 37—122, 20-81 and 1—25 respectively. 

ActKed I p oth or^bin complex may be prepared in known fashion. For example, see Eibl et aUWS. 
Pate^?^ reference. Such compositions may be e ^/*' a »Y ^ 

. 7 hntin the usual situation the activated enzymes are found in admixture with the 

clotting biological activity of both unactivated and activated clotting 

W e ^mr P T^ P™^ mes are " 0t aCtivat6d bY the 

^Sated prothrombin complex (PCC) will generally contain the following ranges of activity (activated 
factor activity is represented by the postscript "a' ). 



is 



40 



45 



55 



60 



65 



TABLE 1 

Activated PCC clotting factor levels 
range in units/ml 



Most 



20 


Factor 


Typical 


Preferred 


preferred 




II 


1—10 


3.6—8.9 


3.S-5.9 


25 


VII 


37—190 


37—122 


39—88 




Vila 


8-80 


25—78 


25-60 




IX 


15—112 


20—81 


50—80 


30 


IX Precursor 


0—30 


5—20 


5—12 




X 


1—30 


1—25 


1—13 


35 


Xa* 


1—20 


1—10 


4—10 




Xa+ 


1—10 


1—8 


1—5 




Thrombin 


0.003 


0.002 


0.001 



» as determined by dotting assay (infra) 

+ as determined by chromogenic assay (infra) 

Obviously the ranges for each of these factors expressed in units/ml will depend upon the 
restitution volume of the activated PCC, which may be varied depending upon the intended use for the 
p^luS The rang™ glen above are for activated PCC which is diluted or reconstituted for direct 
admSration to a patient Unless otherwise stated, the ranges for factor Xa are those determ.ned by the 

C '°TpreS^^^^ 

30 ^tht^rKmpUon comprises, in units/ml, about from 37 to 190 units of F-VI. and about 

fr ° VftrLfpr^ comprises, in unrts/m.. about from 1 to 13 units of F-X and about 

^"ito^efuTa^^S" comprising factors Vila. .Xa and Xa and having a non-activated partial 

''"t^S^ZlL^ S mYning ZSSfk II. V... IX. X. Xa. IX precursor. V.ia and thrombin 
*„> ^entiTna? and well known to those skilled in the art. All of the assays specifically used with the 
c^mSon ^ described hererhave certain features in common, unless otherwise specified. First, each 
«3ndudes mak in ^ upl cate serial dilutions of test sample and a standard having an assigned potency 
ofl unlSml^Tc^ncent^ation in units/ml of the test sample may then be calculated by averaging the 
auolS* Tplottinglhe results obtained with the standards against their respective percent . concentrat.ons 
u^Stehed I by ^thelr previous serial dilution, reading the percent concentrations in the diluted test 
sLSfronT theVlot correcting the test sample concentrations for the serial dilutions wh.ch were made, 
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averaging the test sample percent concentrations and dividing the average by 100 to arrive at the units/ml 

of the assayed factor. , ti a 

Second, unless otherwise indicated all assays are conducted at 37°C and all reagents are prewarmed to 

that temperature. . 
-5 Third assay standards in units/ml are based on lyophilized normal human plasma, frozen normal 
human plasma or international (BoB or WHO) standards intended to represent normal clotting factor 
activities. The lyophilized normal human plasma is standardized against three separate freshly drawn pools 
of normal human plasma. Each pool is prepared by collecting venous blood from 10 fasting, normal donors 
who are not taking oral contraceptives, anti-inflammatory drugs or arthritis medication. The donors must 
to also have a prothrombin time of 11—15 seconds, an activated partial thromboplastin time of 30—45 
seconds and a fibrinogen level of 200—400 mg/dl. The blood is collected into 3.8% sodium citrate at a ratio 
of 9 volumes of blood to 1 of anticoagulant, mixed, centrifuged at 1000 RCF for 15 minutes, after which 
equal volumes of each plasma supernatant are pooled. The plasma is assayed within one hour. The 
average potency of the three pools for each total factor assayed below is arbitrarily set at 1 unit/ml. 
15 The frozen normal human plasma is prepared in identical fashion to any one of the three freshly drawn 
pools described above, except that the pool is distributed in 1 ml volumes into plastic vials and frozen at 
-70°C. The frozen pools are used within 60 days. Each frozen pool is considered to contain 1 unit of each 
total factor/ml. Hereinafter, plasma which contains standard unitage as established by either of the two 
foregoing techniques will be referred to as reference or standard plasma. 

Fourth, the factor deficient plasma used in some assays is plasma obtained from donors that are 
congenitally deficient in the particular factor, i.e., who have a factor potency of less than about 5% of that 
present in normal pooled plasma. 

Fifth, the F— IX assays detect total and precursor F— IX. This means that the total f-AX assay measures 
the sum of activated and unactivated F — IX activity, while the F — IX precursor assay substantially excludes 
the activated material. Therefore F-IXa may be estimated by subtracting the precursor activity from the 
total F^-1X. It should be noted that the remaining analytical methods, i.e., for factors II, VII, X, XI and XII, all 
measure the sum of active and proenzyme factor. However, in the interests of brevity the designation 
"total" will not be applied to these assays. On the other hand, and in contrast to the F— IX methods, the 
thrombin, Vila and Xa methods are direct assays of the active factors. 
30 Thrombin is determined by the following technique. A bovine thrombin standard, which has been 
standardized against the NIH Thrombin Standard, lot B— 3, is diluted in normal saline to 0.001 , 0.002, 0.003, 
0.005 and 0.010 u/ml. 2.0 ml of this diluted standard is added to 0.5 ml of fibrinogen substrate. The mixture 
is incubated at 28°C. The reaction tubes are checked every 2 minutes. First fibrin strand appearance is taken 
as the end point The test sample is assayed identically, but with no dilution. Thus, 2.0 ml of the 
reconstituted test sample is added to 0.5 ml of the fibrinogen substrate and end point formation is observed 
at 2 minute intervals. The clotting times of the test sample are compared with the clotting times of the 
thrombin standard. The calculations are conducted as generally described above. 

Factor Xa is determined by a modification of the method of Yin et al., "J. Lab. Clin. Med." 57:298 (1973). 
All reagents, including the reference standard, are commercially available from the Sigma Chemical 
Company. Test samples are serially diluted in duplicate into the buffer employed by Yin et al. at dilutions of 
1 -8, 1 :16 and 1 :32, or higher (expressed in parts of sample to parts of buffer) until the clotting time of that 
dilution is longer than the clotting time of the factor Xa standard at a concentration of 0.01 units/ml. 

Standard factor Xa is initially diluted 1 :4 into the same buffer, followed by serial dilutions in duplicate 
to 1:64. A 1:4 dilution of standard F— Xa is taken as 1 unit F— Xa/ml. Standard F— Xa is defined as that 
which will produce an average clotting time of 14 seconds at 1 :2 dilution in the assay described herein. 0.1 
ml of each final dilution is pipetted into a fibrometer cup, followed by 0.1 ml of 0.025M CaCl 2 and 0.2 ml of a 
bovine plasma-rabbit cephalin solution to initiate clotting. The clotting time for each tube is determined 
and the F— Xa activity calculated as described above. 

F— Xa may also be determined by a chromogenic assay as an alternative to the clotting method 
described in the preceding paragraph. Unless otherwise stated by designation of the assay results as 
"chromogenic" it will be assumed that the F — Xa was determined by the clotting method. The 
chromogenic assay is essentially disclosed by Kosow in 'Thrombosis Research" 1:565—573 (1976). It 
employs a synthetic substrate which is specifically hydrolyzed by F-Xa to yield a chromogen detectable by 
its absorption of light at 405 nm. The substrate, S-2222, is commercially available from Ortho Diagnostics, 
Inc. Standard F^-Xa is available from the Sigma Chemical Co., but is diluted 1 :4 into 0.05M Tris buffer at pH 
8.3 containing 1.33% NaCI by weight before use. A 1 :4 dilution of a standard containing 0.5 unit F— Xa/ml 
should exhibit an average optical density at 405 nm of 0.260 in the assay. In the practice of the assay, 
samples and diluted standard are serially diluted into the Tris buffer. 0.4 ml of each dilution is pipetted into 
a glass test tube, followed by 0.075 ml of a solution containing 0.5M CaCI 2 and 0.1 M NaCI and, after 1 
minute, 0.5 ml of an S-2222 solution in 0.05M Tris buffer at pH 8.3 containing 0.9% NaCI by weight. 0.1 ml of 
50% acetic acid is added after 3 minutes to stop the reaction and the absorbance is read against a buffer 
blank at 405 nm. The calculations are conducted as generally described above. 

Factor X is determined by a modification of the Bachmann et al. method described in "Thromb. et 
Diath." 2:24 (1958) except that factor X deficient plasma is used in place of Seitz filtered ox plasma, a 
fibrometer is used for end point detection and the diluting fluid is veronal buffer containing sodium 
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chloride and sodium citrate as described by Proctor et al., "Am. J. Clin. Path." 36(3):214 (1961). Russell's 
^!^^SSL were obtained from Burroughs Wellcome & Co. and the of 
Travenol Laboratories Inc., respectively. The calculations are made as generally described above. 
^SSSSKr «li aLyed by the following technique 0.1 ml of factor II defiant plasma 
DreoarS bV the method of Pechet in Tocantins, Ed., Blood Coagulation, Hemorrhage and Thrombosis. 
Smfl.Tl4^1« (1964) is distributed into each of eight test tube* A "0% nrf^l*m - 
Prepared by diluting reference plasma 1:10 into 1.72% imidazole weight/volume buffer at pH 7.3. This 
referent Plasma is then further diluted 1:5, 1:10, 1:20 and 1:40 into the same buffer. Duplicate 0.1 ml 

after pipetting the reference plasma into each duplicate set of test tubes 0 2 ml of rabbrt brain 
SomboSn lyophilized with CaCI 2 is added to each test tube by means of a plastic-tipped pipette After 
m 5ng for 15 seLds each tube is tilted back and forth once per second over a ight source and the time 
S elapses before final gel formation is recorded. The foregoing procedure .s ™iwated wrth the t«J 
sample except that a 1:100 dilution into imidazole buffer is made before the 1:5. 1:10, 1.20 and 1.40 
dilution's The data is handled in the same fashion as discussed above. .... 

TlX ^determined by the following procedure, essentially that of Proctor ^^S^K! 
1-20 ^edi ution of the activated PCC test sample is prepared in normal saline. Reference plasma is not 
predHutfd ^nlptoS^I :10, 1:20 and 1:40 dilutions in barbital buffered saline of test sample and 
n^erencVplasma are pipetted into test tubes already containing 0.1 ml of partial thromboplasbn-kaohn 
Eribed in me Praetor et al. procedure and 0.1 ml of F-IX congenially deficient plasma having less than 
£5 norr^arft-IX^tivity. After 3 minutes, 0.1 ml of 0.03M CaCI 2 is mixed with the contente of each test 
tube iScubated for 30 seconds and then each test tube Is tilted at less than wee per second .rr front of a 
light source until final gel formation. The time from CaCI 2 addition to gel formation is recorded and that 

^VTp'reTur^ forth above for tota. F-.X ex^pt *at the inrtia. minimum 

1-20^tion?of ?est sample are made up in the F-IX deficient substrate rather than normal sahn* 
Factor VH is determined according to Esnouf et al. in Bang et al., Ed.. "Thrombosis and Bleeding 
DisoSe^ Theory and Methods", pp 197-198. <1971) except that the clotting pomt was determined w.th a 
Clotek* device and the diluting fluid was that described by Proctor et al. op cit. 

Factors is assayed by first adsorbing the sample with a benzamidine-Sepharose* affinrty ;matn* 
The benzamidine-Sepharose matrix is a well known affinity gel disclosed, for example, by Schmer, , X 
Pn^Tchem " 353" 810-814 (1972). The non-adsorbed fraction is removed from the matrix by washing 
wTo M NaTlCfTpH 7lThen, the same buffer containing 0.5M NaCI and 0.3M benzamjdme , HCI is used 
^remove t^e fraction containing Vila. Assay of the latter fraction for Vila is accomplished wrth the same 

35 assay and reference which are used for F— VII. »«„,,•• R7.771 mqrii Rvcaotthat 

The assavforfactorXI is described by Rappaport et al. in "J. Lab. Clin. Med. 57:771 (1961), exceptthat 
the Sci^tion is 0 03M, a cephalin-kaolin mixture commercially available from thjH Hv'and ^.on ,of 
Travenol Laboratories, Inc. was employed and the clotting point was determined with a iCIotek* 'device 
Sartor XII is determined in essentially the same way as factor XI. However, here a factor XII deficient 
a„ Dlasma is used and the assay is only conducted in contact with plastic ware. 

P The activated PCC treated by the method of this invention are characterized overall by their abilriy to 
correS tSng Sne of factor<leficient or inhibited plasma, and specifically by the amounts or activttes 
Kidua ^clKg factors, overall procoagulants activity as reflected in the nonactivated partial 
ttr^toSad tiWsubstantial freedom from thrombin activity and substances which induce an immune 
« response to factor VI I is treated patients and, optimally, about 0.1 to 3 units antrthrombin lll/m in the final 
45 pToTucTbo* activated and inactivated PCC may contain greater than about 1 unit of hepann/ml, usually 

3b0, ?he °enU»e compSons and biological indicators as further described herein must be heat treated in 
the dp7s^aTThis means that they should contain less than about 5% water by weight, whether or not a 
OSSSc tSJXt is present. The compositions may be powder, cake or other >^fcfm^ 
Ivooh lization of the compositions under ordinary conditions will generally produce a product having a 
wSt per^nVol water lower than about 3.5%, it is preferred to lyophilize sufficiently to produce a 
comoosttion havinq less than about 1% water by weight. . 

Tto bSid plasma clotting enzymes are optimally treated after ordinary, convention padngmg m 
final conteiners such as glass vials, i.e., after being dispensed into the containers as sterile filtered (for 
SlaTo?ganisms) aqueous solutions, lyophilized and sealed. It is preferred to heat treat finally packaged, 
Saled confers. Viral inactivation in such containers is followed by the use of b.olog.cal indicators as 

^tteJot nZLary to provide any special atmosphere over the enzymes to be heat treated. Air is most 
Kn ^onomSbe^^ 

60 acWeJed with a vacuum or an oxygen-free atmosphere after a dry nitrogen sweep to reduce residual 

m °' ODtima^^n'oltions for the production of a composition which is substantially free of infectious virus, 
or for simSryTeducing the viral titer, will depend upon the nature of the blood clotting product which .s 
« Seing treated. For example, product variations which will affect the comparative .nactivation rates of 
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enzvmes and viruses include the concentrations and types of salts in the compositions, the virus type, the 
eSof *ra. —nation, the relative proportions of the enzymes to other protem^he «d water 
content of the compositions, the pH of the factor solution before drying and the presence in the solution off 
Saves such as monosaccharides, antioxidants and the like. Since the product to be treated 's ottenqu.te 

s variable, being derived from a biological source, it is preferred to vary the .nact.vat.on conditions to surt the 
product characteristics. The conditions which are most conveniently varied to opt.rn.ze viral ^ration 
whHe Sese%ing enzyme activity are the time and temperature of the heat treatment However, this is not 
Z *£*Z*a possibility of aJ modifying the product characteristics to aid in the process ■ F^amp'e 
the enzvme solution can be given a preliminary purification, e.g.. adsorption of some of the contaminant 

w S^Tntc IsSLd antibody specific for the virus, thus reducing the extent of heat treatment 

renuired to inactivate the viruses. . 

The inactivation temperature is directly proportional to the rate of inactivation of virus and enzyme. 
Thus, the higher the temperature, the more rapid the inactivation of both the virus and clotting factor 
enzvme. The method herein relies on the phenomenon that the comparative inactivation rates of virus and 
is enzvme diverge, so that it is possible to inactivate the virus without substantially inactivating the clotting 
factor enzyme. Thus the optimal temperature may be expressed functionally as that at which the rates are 
most divergent, i.e., where the difference in the slope of a plot of viral inactivation against time and the 
slope of a plot of enzyme inactivation against time is greatest However, it may be desirable to employ 
temperatures higher than the point of greatest divergence so as to reduce the nett heat tre a*™* * me ; 
20 Ordinarily, a temperature of about from 40 to 80°C is satisfactory, with about from 50 to 60°C being 
preferred and about 60°C being optimal with most enzyme compositions. 

The heat is provided by any suitable heating device, e.g., convection oven, infrared irradiation or sand 
or water bath. A water bath is preferred. ^ Ctrt onnhn„« 
The time needed for viral inactivation at the above temperatures is generally about from 5 to 200 hours, 
25 usually about from 10 to 40 hours. While a standardized time period can be used for uniform lots of clotting 
enzvme it is preferable to assay the composition for viral biological activity to determine whether or not 
the inactivation is complete. The virus to be assayed may be the one which is suspected to contaminate the 
composition, e.g., hepatitis B or non-A, non-B hepatitis, or the virus may be one wh.ch has been 
preselected for use in a biological indicator. A biological indicator acts as a product surrogate in that the 
30 inanimate portions are designed to mimic the product while a living organism is selected to mimic the 
expected contaminants. „ , 

Biological indicators heretofor have been articles containing sterilant resistant cellular organisms or 
spores of such organisms. These known biological indicators are most commonly available as dry, 
bibulous strips impregnated with the heat resistant spores of certain bacteria, e.g.^bacillus, which in turn 
35 are encased in packages which are permeable to the sterilizing agent, e.g., steam. The biological indicator 
herein provided is a dry composition comprising blood protein and a predetermined titer of an infectious 
virus which is not a candidate for in serum hepatitis infection. This means that etiological agents for viral 
hepatitis may be used but that they should not be those which are transmissible by infusion of plasma from 
an infected donor. For example. Hepatitis B is a serum hepatitis agent Ideally, the virus will not be a 
40 candidate for hepatitis infection at all. .... ^ 

The blood protein mimics the effect of the protein in the product which is to undergo the virus 
inactivation process. Thus the indicator protein may be the same or different from the proteins in the 
product to be treated, either in terms of identity, proportion or species of origin. Thus a variety of 
commonly available blood plasma proteins may be employed, e.g. immune glubulin, albumin, 
45 antihemophilic factor, antithrombin III, clotting enzymes and mixtures thereof. It is preferred that the 
protein be substantially free of albumin and fibrinogen. Where AHF is used the composition will contain 
greater than about 35 International Units/gm of protein, up to about 200 Units/gm. In a preferred 
embodiment the indicator protein composition is substantially the same as that in the product to be 
treated. In fact, suitable indicators may be prepared from aliquots of each plasma protein lotto be treated. 
so The protein is preferably human, but bovine or porcine sources may also be used. 

The virus is preferably not normally infectious for humans, thus reducing containment costs. However, 
for the safety of laboratory workers and to ensure integrity of treated product it is important that the virus 
not be a candidate or known agent responsible for hepatitis infection upon infusion into humans. Such 
viruses are hazardous and their introduction into the plasma fraction manufacturing environment should 
55 be avoided. The concentration of virus will range about from 3 to 80 log 10 plaque-forming units in about 
from 0.01 to 1 gram of protein. 

The indicators are ordinarly made by suspending the virus in an aqueous solution of the protein, filling 
into 10 or 30 ml containers of glass or plastic, lyophilizing and sealing under vacuum or an inert gas such as 
nitrogen. The compositions are water soluble upon reconstitution. 
cn They are used by exposing the indicator to the same conditions as are used to inactivate the virus m the 
treated composition and then assaying for the virus, if any, which remains uninactivated in the biological 
indicator. It is preferred to place biological indicators in among the product vials and then to heat treat; this 
helps ensure that the inactivation conditions are substantially identical. 

Suitable viruses for use in the biological indicators include bacterial, plant and animal viruses. The 
animal viruses are preferably not normally infectious for humans for safety reasons. Also, the virus ideally 
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should not be infectious for the donor species of the protein used in the biological indicator. The reason .for 
tS that sSch protein could be contaminated with antibody to the virus as a result of pnor infection o 
Snltion of the ctono£ and the antibody may interfere with viral cultivation. The best biologica 
IrSoSforlepu 

^ufel SnL bacteriophages, are excellent choices. Finally, the virus should be eas,ly culuvated Most 
Jlanttnd anTmal viruses meet tiiis preferred criterion, but bacteriophage is most readily and mexpensively 

^^emplary viruses include picornaviruses such as encephalomyelitis virus (EMC), mouse 
ence^aTomyelhis virus, simian enterovirus and bovine enterovirus; togaviruses .ndud.ng s.ndb.s. semhk. 
fore^ vi^ western equine encephalitis virus and yellow fever virus: retroviruses such as rous »<wn 

pa7am^ov?ruse^ such as newcastle disease virus; papoviruses including polyoma v,rus and simial 
viK heXviruses such as herpes simplex, pseudorabies vims and mareks disease virus; membereo^ 
^deno ^family such as infectious canine hepatitis and adeno vims; and bacteriophage such as R17. 
£mbda T1 T2 T4 T7 and Phi X 174. Mixtures of the viruses may also be used. 

Sullab te methods for determining viruses in the treated product or in biological indicators are qu, e 
conventionalTnd wH I be apparent to the artisan. One such method is known as the plaque-forming test In 
Setliod dilutions of test sample in a physiological diluent are contacted with an .mmob.l.zed layer of 
Ein^usSot Dte c^ls time is allowed for the viruses to adsorb to the cells, the cells are overlaid with a 
Sh Si geUn'doTer conditions are set to otherwise optimize survival of the centre, viruses 
mTinfect and multiply within the cells are localized by the agar overlay, virus spread » from the pnrnary 
SSdills to adjacent cells producing a circular area of cellular degeneration or foci called a plaque 
TtZZ °foci ar ^ usually visualized by staining the monolayer with a vital stain, neutral red. The foe. of 
JfSed ™ iX to See up the vital stain and thus appear as clear areas against a colored background. 
A«SSn5v the number of plaques is a measure of the infective of the test sample 

Other assws thaTmay be employed include in vivo tests for infectivity towards susceptible hosts. Such 
methods ar?we1l known ! Hepatitis B must be assayed in this manner because it has not been possible 
Sofor Z JLkZ ^ virus in vitro. The usual procedure is to inoculate ^P*** 8 ^^ 
chimpanzees or marmosets with the samples to be tested, incubate for several weeks, and then observe for 

CHn ££l£ SgSS SSU* ». yield readably conclusive jjjj 
onlv if no antioen is detectable and, as noted above, the immune assay is sufficiently sensitive. If both 
Suifemente are met S treatment has been sufficient* rigorous to completely denature the viral 
e^rtoStes ft is generally safe to assume that such treatment has also rendered the Viruses b,olog.ca"Y 
fnactive and 'thus noninfectious. However, determining the point at which viral inactivation has occurred 
bv SJe use of such aSs not preferred because the conditions needed to denature antigens w.11 be far 
m^e Xre m m<^ses tha^those necessary to biologically inactivate the virus. Thus unnecessary 
losses in oroduct will occur befor the sample can be verified as noninfectious. 

A oartEly noteworthy feature of the process herein is that all hepatitis virus can be '"activated by 
heanreauSrbut wSt a significant reduction in enzyme activity. This includes hepatitis A. hepatitis B 
anrt nmA^onThSfe. These viruses are the principal, known contaminants of therapeutic Wood 
clotting eizyme iw!Kn?n5 advantage of the'pres^nt method is that the particular identin/ of the 
vSdesSd above for use in biological indicators, as well as the in vivo activity ^oabovehap^ 
v mS. c?n be destroyed without a simultaneous comparable reduction m enzyme activity HoweveMhe 
method described herein has broad applicability to all viruses present m blood dotting enzyme 

45 ^'"TheMmpositions produced by the novel method herein are unique in that while they are substantially 
free^ ^ STcaHy infectious virus, they do contain the residue of the heat-treated. b'°'°S'ca"y 
noninfectJourvinis For example, hepatitis-contaminated enzyme compos.tions which are rendered 
non nSous ?n™vo wntein residues which are in part still immunologically cross-reactive wrth he 

so "fmi as may be detectable under the state^f-the-art by immunolog.cal compet.tive 

displacement in conventional assays for the active virus. 

Further the compositions are substantially free of denatured blood clotting enzymes. A denatured 
blood cSg enzyme" is generally defined as that in which the enzyme activity »jr£»My J-Wt 
whether bv heatinq in aqueous solution or by other techniques used to inactivate the virus. The 

ss ZSZuZ»Xn aenerally will contain no more than about 10 mole percent of denatured enzyme 
SKStoTl^i^red and active enzyme. The compositions preferably contain less than 
S 5 mole Xnt of denatured enzyme. The denatured enzyme can be detected by .mmunoassay us.ng 
conventional techniques. 

m The enzyme compositions produced by the method herein may be reconstituted to therapeutically 
60 effective concentrations and infused into patients. Such compos.tions are stenle. However toe 
compositions need not be sterile if they are to be used as reagents in diagnostic tests. For example, a 
Smposrt on conSning a given clotting enzyme may function as a standard or control m an assay for that 
doZg enzyme An antimicrobial agent such as an azide is preferably included with the composition since 
6S such comSrons are commonly reconstituted and stored for useage over a period of time dunng which 
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bacteria could grow and adversely affect the reagent Alternatively, diagnostic reagents may be sterilized 
by sterile filtration and packaging. 

Whole or defibrinated plasma made by made in the same fashion as the blood clotting enzyme, 
particularly for use as hepatitis-free controls and standards, if the reducing sugar content of the plasma or 
5 component is lowered to a level which is relatively nondestructive towards enzymes such as the 
dehydrogenases and creatine phospholinase. The sugars can be added to the plasma after the heat 
treatment if necessary- 

The invention will be more fully understood by reference to the following examples. 

10 Example 1 , . . . 

This example demonstrates the thermal stability of dry prothrombin complex. This product is 
substantially non-activated. 30 ml sealed vials of lyophilized prothrombin complex from each of two 
commercial prothrombin complex lots prepared essentially by the method of Fekete et al., U.S. patent 
3 560 475 were heated in triplicate for the times and temperatures described in Table 2. The prothrombin 

is complex clotting factors, activated factor X(Xa), activated factor II (thrombin) and pH were each assayed in 
accordance with conventional methods as described above. The Kingdon time at a sample dilution of 1:100 
was determined in accordance with Pepper et al., "British Journal of Hematology- 30:573 (1977); or 
Kingdon et al.. Abstract #86 of the meeting of the American Society of Hematology, Atlanta (1974). This 
assay is also known as the non-activated partial thromboplastin time test. Proteolytic activity was assayed 

20 using two synthetic, chromogenic protease substrates, S-2160 (N - benzoyl - phenylalanyl - valyl - 
argininyl -p - nitroanilide HCE) and S-2238 (D -phenyalanyl -pipecolyl -argininyl -p - nitroanihde HCE) 
available from Ortho Diagnostics. The results are set forth in Table 2 below. 
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TABLE 2 

Characteristics of proenzyme clotting factors 
in heated prothrombin complex 



5 








60°C 


70°C 






s# \* 


4 days 7 days 


4 days 


7 days 


10 


L.LH SO 1 IVI 1 Ou 

F — Xa (u/ml) 


0.1 


0.1 


0.2 


0.1 


0.2 




Kingdon time (sec.) 


195 


175 


149 


184 


177 




Thrombin 


0.001 


0.001 


0.001 


0.001 


0.001 


15 


Proteolytic activity 
Substrate S-2160 


0.2 


ND* 


0.2 


ND 


0.2 




Substrate S-2238 


0.07 


ND 


0.10 


ND 


0.12 


20 


Pn 


7.0 


7.0 


7.0 


7.0 


7.0 




F — It 


Percent activity 
100 91 


remaining 
100 


88 


81 


25 


F— VII 


100 


111 


102 


92 


78 




r- |v 

F — IX 


100 


89 


84 


81 


70 


30 


F — X 


100 


94 


83 


90 


78 




Lot 581 M 164 
F — Xa (u/ml) 


0.2 


0.2 


0.1 


0.2 


0.2 


35 


Kingdon time (sec.) 


170 


195 


172 


154 


137 




Thrombin (u/ml) 


0.001 


0.001 


0.001 


0.001 


0.001 


40 


Proteolytic activity 
Substrate S-2160 


0.2 


0.2 


0.2 


0.2 


0.2 




Substrate S-2238 


0.07 


0.06 


0.05 


0.07 


0.06 




pH 


7.0 


7.0 


6.9 


6.9 


7.0 


45 


F — It 


Percent activity remaining 
100 97 90 


89 


84 




F — VII 


100 


93 


102 


97 


94 


50 


F— IX 


100 


92 


95 


76 


88 




F — X 


100 


104 


90 


79 


80 



55 



65 



*ND— Not Done 

The average percent activity remaining for the four unactivated clotting factors was calculated at 4 
days and 7 days for each temperature and then plotted in the Figure as dashed lines. 

Example ^ d ^ ^ ^ |abi|ity of vims jn prot hrombin complex. Suspensions of sindbis 

encephalomyocarditis (EMC), polio type 1 and adeno type 5 viruses were each diluted into ahquots of 
prothrombin complex, dispensed in 1 ml aliquots into a 5 ml vial lyophilized and sealed under vacuum. 
The vials were heated at 70°C and 60°C for up to 40 hours with sample vials being withdrawn at periodic 
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intervals The contents of the 5°C control and heat treated vials were reconstituted with 1 ml sterile water 
and assayed for viral titer as described below. The control concentration of sindbis virus was about from 6 
to 7 log 10 of plaque forming units per reconstituted ml (PFU/ml). while EMC and polio virus were at about 4 
log 10 PFU/ml. The adenovirus concentration was about 4.5xlog 10 tissue culture 50% infective dose 

5 < TC, ^ 5 e 0 ^ 1 ^ deg . on may ^ exp | ained as fonows: In biological quantitation, the end point is usually 
taken as the dilution at which a certain proportion of the test system reacts or dies. The 100% end point is 
frequently used. However, is accuracy is greatly affected by small chance variations. A desirable end point 
is one representing a situation in which one-half of the test system reacts while the other one-half does not. 

io The best method is to use large numbers of test systems at closely spaced dilutions near the value for 50% 
reaction and then interpolate a correct value. Negative logarithm of the TCID*, end point trter- 



f Negative logarithm of 
is the highest virus 

V concentration used 



Sum of % mortality 
at each dilution 

100 



—0.5 



( Logarithm ^ 
|x of 
V. Dilution J 
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The tissue culture 50% end point represents a viral titer that gives rise to cytopathic changes m 50% of 
the cells in an inoculated culture. In applying the above technique for determination of ^ n ™ n ' 
logarithmic dilutions are prepared in minimum essential medium plus 2% fetal calf serum. 02 m\ of each 
dilution is added to replicate cultures of BGMK (Buffalo Green Monkey Kidney) cells in microliter plates. 
The inoculated cultures are incubated at 36°C under 5% C0 2 and observed microscopically over a period I of 
7 to 8 days. The percent mortality of cells in a culture at a given dilution is determined by observing the 
cellular degeneration, as evidenced by refractile cells. The TCID-50 can then be calculated as shown above. 

The assay of EMC, polio virus and sindbis virus is obtained by preparing dilutions of viral suspension 
as described above. BGMK cell monolayers were prepared in 35 mm petri dishes. Viral adsorption to the 
cells was initiated by adding 0.2 ml of suspension to the monolayer. After 1 hour, the monolayer was 
overlaid with 2 ml of nutrient agar medium and incubated for 24-72 hours at 37°C. The plaques which 
formed were then made visible by staining the cells with neutral red at 1:2000 by weight in saline. 

The results with sindbis virus were subjected to regression analysis with the method of least squares to 
allow the fitting of a linear line to the data and plotted in the Figure. As can be seen, the inactivation i rate 
was much higher at 60°C than at 47>C, while no change occurred in the 5°C control. Similar results could be 
obtained with the other three viruses. A comparison of the results from Example 1 and 2 as plotted in the 
Figure shows that dry prothrombin complex enzymes are inactivated in heat at very low rates when 
compared to viruses. The greatest difference in the inactivation rates occurs at around 60 C. Here, only 
negligible losses in prothrombin complex have occurred at the time the virus is completely inactivated. 

5X3 This contemplated example is concerned with the inactivation of hepatitis B in activated and 
inactivated prothrombin complex. An aliquot of a production lot of commercially avilable prothrombin 
complex having a low titer of activated factors (Propiex® fraction, Hyland Laboratories) was mixed with 
sufficient hepatitis B virus (obtained from the Hepatitis Branch of the Bureau of Biologies, Food and Drug 
Administration) to yield about 30,000 chimpanzee infectious doses/10 ml. An aliquot of ^activated 
prothrombin complex (Autoplex® concentrate, Hyland Laboratories) was similarly seeded with hepatitis B 
virus The quantity of virus in the fractions was detectable at or near the sensitivity of third generation 
hepatitis B antigen (HBgAg) detection systems. After the virus and prothrombin complex were mixed, the 
infected product was dispensed in 10 ml aliquots into vials, lyophilized, swept with dry nitrogen and sealed. 
Replicate vials containing contaminated unactivated and activated prothrombin complex were immersed 
for 72 hours in a water bath held at 60°C to inactivate the virus. Untreated vials containing infected product 
were stored under refrigeration as controls. 

Six chimpanzees [Pan troglodytes) were selected for the study. None had been used for hepatitis B 
research of any kind, been given blood or blood-based products, all were free of any clinical hepatitis 
symptoms and were negative for HB<jAg, antibody to HB3Ag (anti-HB 3 ) and antibody to hepatitis core 
antigen (anti-HB c ) by licensed radio-immunoassay procedures. Base line values were established from 
eiqht weekly blood samples from each animal for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and biweekly for complete blood count. The chimpanzees were deemed suitable 
once their health was established and it was determined that no intercurrent diseases were present 
The vials of hepatitis-B seeded product as prepared above were each reconstituted in sterile water to a 
volume of 10 ml. The reconstituted contents of each vial were intravenously injected into a chimpanzee. 
Two chimpanzees served as recipients for the two controls. The controls were reconstituted in 10 ml of 
sterile water and administered in the same fashion as the heat-treated products. 

The chimpanzees were carefully guarantined and monitored for eight months for signs of hepatitis 
infection. HB^g, anti-HB*, anti-HB^ ALT, AST and antibody to hepatitis A virus were determined weeWy 
and complete blood count made biweekly for 24 weeks after inoculation and then at weeks 28 and 32. The 
livers were biopsied at monthly intervals up to 6 months, and then at the thirty-second week. While the 



12 



10 



15 



20 



25 



30 



35 



40 



45 



EP 0 077 355 B1 

control animals developed hepatitis with the normal incubation span for the virus, the four chimparmu 
S^^^^^ prothrombin complex and activated prothrombin complex were not infected. 

83 '"Th^e SbSSiSE SSSl heat-treated test materials in Example ... and war. thus 

recipients of heat-treated material were infected. 

Satitis A is inactivated in accordance with this contemplated example. The source fo hepatitis A 

""^Sal was heat-treated and tested in chimpanzees in the same fashion as in Example 4. The 
heat-treated prothrombin complex was noninfectious. 

EX *Thta contemolated example discloses the manufacture and use of a biological indicator suitable for 

I • -Vlt^nt fivinn nhaoe oarticles/ml 1 ml of the composition was filled into ampules, lyophilized 
StrieS™^^ 

dHution after 4-8 hours of incubation, thus demonstrating the inact.vat.on "T4WinWf«r 
position andit was accordingly conceded that the heat tr eatment wassucc-sfu. at .nact.vat.ng any 
endogenous viruses that might have been present m the factor IX preparat.cn. 
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^ AstoWe hepatitis-free blood plasma control was made in accordance wrth this contemplated example 

=nrt ««« collected from the refrigerant. The refrigerant was allowed to drain from the frozen 
pfcsma £3cS?5l^^ The dry beads (about 130 g) were placed in a conta.ner. 

S^KSi the container sealed and immersed for 30 hours in a water bath ma. ntamec I at 70 C. 
H q oTpowdered glucose was carefully blended with the dry plasma beads, the product filled mtc v.als 
weighed^nd sealed The activity of diagnostically significant enzymes such as lactate dehydrogenase and 
creatine phospholinase was substantially preserved. 
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Claims 

1. A method for treating a blood-clotting enzyme composition in which blood-clotting enzymes are 
present at 3 to 50 times their concentration in normal plasma, the composition containing an infective 
virus, which comprises heating the composition in the dry state until the virus is inactivated and without 
substantial inactivation of the blood-dotting enzymes. 

2. A method for inactivating virus in a blood-clotting enzyme composition in which blood-clotting 
enzymes are present at 3 to 50 times their concentration in normal plasma and which is suspected to 
contain an infective virus, which method for inactivating consists essentially of heating the composition in 
the dry state until the virus is inactivated and without substantial inactivation of the blood-clotting 

enzymes. _ . 

3. The method of Claim 1 to 2 wherein the composition contains up to about 5% water by weight 
4! The method of Claim 3 wherein the composition contains about 1% water by weight 

5! The method of any preceding, claim wherein the virus is hepatitis A, B or non-A, non-B. 

6. The method of any preceding claim wherein the composition also contains antihemolytic factor. 

7. The method of Claim 6 wherein the enzyme is prothrombin, or factor VII, or factor IX, or factor X, or 
factor XI, or Hageman factor. 

8. The method of Claim 7 wherein the enzyme is activated. 

9. The method of any one of Claims 1 to 5 wherein the composition is substantially free of thrombin, or 
is substantially free of plasminogen, or is substantially free of prothrombin, or is substantially free of 
fibrinogen, or is substantially free of antihemophilic factor, or is substantially free of albumin, or is 
substantially free of factor XIII, or is substantially free of antithrombin III, or is substantially free of plasmin, 
or is substantially free of gamma globulin. 

10. The method of any one of Claims 1 to 6 wherein the composition contains about from 1 to 3% 

albumin by weight . 

11. The method of any preceding claim wherein the composition includes a stabilizing amount of 

glycine, proline, or other amino acid. 

1 2. The method of any one of Claims 1 to 1 0 wherein the composition includes a stabilizing amount of a 
non-reducing monosaccharide, oligosaccharide, mannitol, sorbitol, or other sugar alcohol. , 

13. The method of any one of Claims 1 to 10 wherein the composition contains less than 1.0 mole/l of 
amino acid and less than 20% w/w non-reducing monosaccharide, oligosaccharide or sugar alcohol. 

14. The method of any preceding claim wherein the composition has a pH of from 6.0 to 8.0. 

15. The method of Claim 1 or 2 wherein the composition is substantially prothrombin complex, factor 
IX, or factor VII and is activated and/or unactivated. 

16. The method of any one of Claims 1 to 6 wherein the composition contains factor IX and is 
substantially free of other blood-clotting enzymes. 

17. The method of any one of Claims 1 to 6 wherein the composition contains the following 
blood-clotting enzymes, in units/ml: prothrombin, from 1—10; total factor VII, from 37—190: activated 
factor VII, from 8— B0; total factor IX, from 15—112; factor IX precursor, from 0—30; total factor X, from 
1_30; activated factor X, from 1—20; and thrombin, less than 0.003. 

18. The method of any preceding claim wherein the composition is filtered through a sterile filter to 
remove cellular microorganisms before the composition is heated. 

19. The method of any preceding claim wherein azide or another antimicrobial agent is added to the 
composition. o _ , 

20. The method of any preceding claim wherein the composition is heated to 40 to 80 C and preferably 

to 50 to 70°C, 

21. The method of Claim 20 wherein the composition is heated for 5 to 200 hours. 

22. The method of any preceding claim wherein the virus is not infective, for humans. 

23. The method of any one of Claims 1 to 5 wherein the virus is sindbis virus, herpes simplex, a 
bacteriophage or encephalomyocarditis virus and the composition consists substantially of activated and 
unactivated factor VII. 



Patentanspruche 

1. Verfahren zur Behandlung einer Blutgerinnungsenzym-Zusammsetzung, in welcher Blutgerinnungs- 
enzyme in der 3- bis 50-fachen Konzentration wie in normalem Plasma vorhanden sind, wobei die 
Zusammensetzung ein infektioses Virus enthalt, welches umfaGt das Erhitzen der Zusammensetzung im 
trocknen Zustand bis das Virus inaktiviert ist und ohne eine wesentliche Inaktivierung der Blutgerinnungs- 
enzyme. 

2. Verfahren zur Virusinaktivierung in einer Blutgerinnungsenzym - Zusammensetzung, in welcher 
Blutgerinnungsenzyme in der 3- bis 50-fachen Konzentration wie in normalem Plasma vorhanden sind und 
von der vermutet wird, daB sie ein infektioses Virus enthalt, welches Inaktivierungsverfahren im 
wesentlichen besteht aus der Erhitzung der Zusammensetzung im trocknen Zustand, bis das Virus 
inaktiviert ist und ohne eine wesentliche Inaktivierung der Blutgerinnungsenzyme. 
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3. Verfahren nach Anspruch 1 oder 2, in welchem die Zusammensetzung bis zu ungefahr 5 Gew.-% 
Wasser enthalt 

4. Verfahren nach Anspruch 3, in welchem die Zusammensetzung ungefahr 1 Gew.-% Wasser enthalt 

5. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem das Virus Hepatitis A r B 
s oder non-A, non-B ist 

6. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem die Zusammensetzung 
auch antihamolytischen Faktor enthalt 

7. Verfahren nach Anspruch 6, in welchem das Enzym Prothrombin oder Faktor VII oder Faktor IX oder 
Faktor X oder Faktor XI oder Hageman-Faktor ist. 

w 8. Verfahren nach Anspruch 7, in welchem das Enzym aktiviert ist 

9. Verfahren nach irgendeinem der Anspruche 1 bis 5, in welchem die Zusammensetzung praktisch frei 
von Thrombin oder praktisch frei von Plasminogen oder praktisch frei von Prothrombin oder praktisch frei 
von Fibrinogen oder praktisch frei von antihamophilem Faktor oder praktisch frei von Albumin oder 
praktisch frei von Faktor VIII oder praktisch frei von Antithrombin III oder praktisch frei von Plasmin oder 

is praktisch frei von gamma-Globulin ist. 

10. Verfahren nach irgendeinem der Anspruche 1 bis 6, in welchem die Zusammensetzung ungefahr 
von 1 bis 3 Gew.-% Albumin enthalt 

11. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem die Zusammensetzung 
eine stabilisierende Menge von Glycin, Prolin oder einer anderen Aminosaure beinhaltet 

20 12. Verfahren nach irgendeinem der Anspruche 1 bis 10, in welchem die Zusammensetzung eine 
stabilisierende Menge von nicht-reduzierendem Monosaccharid, Oligosaccharid, Mannit, Sorbit oder von 
einem anderen Zuckeralkohol beinhaltet 

13. Verfahren nach irgendeinem der Anspruche 1 bis 10, in welchem die Zusammensetzung weniger 
als 1,0 Mol pro Liter einer Aminosaure und weniger als 20% GewVGew. von nichtreduzierendem 

25 Monosaccharid, Oligosaccharid oder Zuckeralkohol enthalt. 

14. Verfahren nach irgendeinem der vorangehenden AnsprGche, in welchem die Zusammensetzung 
einen pH von 6,0 bis 8,0 hat 

15. Verfahren nach Anspruch 1 Oder 2, in welchem die Zusammensetzung praktisch Prothrombin - 
Komplex, Faktor IX oder Faktor VII ist und aktiviert und/oder nicht-aktiviert ist. 

30 16. Verfahren nach irgendeinem der Anspruche 1 bis 6, in welchem die Zusammensetzung den Faktor 
IX enthalt und praktisch frei von anderen Blutgerinnungsenzymen ist. 

17. Verfahren nach irgendeinem der Anspruche 1 bis 6, in welchem die Zusammensetzung die 
folgenden Blutgerinnungsenzyme, in Einheiten/ml, enthalt: Prothrombin, von 1 bis 10; gesamter Faktor VII, 
von 37 bis 190; aktivierter Faktor VII, von 8 bis 80; gesamter Faktor IX, von 15 bis 112; Faktor IX-Vorlaufer, 

35 von 0 bis 30; gesamter Faktor X, von 1 bis 30; aktivierter Faktor X, von 1 bis 20; und Thrombin, weniger als 
0.003. 

18. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem die Zusammensetzung 
durch ein steriles Filter filtriert wird, urn cellulare Mikroorganismen zu entfernen, bevor die Zusammen- 
setzung erhitzt wird. 

40 19. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem Azid oder ein anderes 
antimikrobieiles Mittel zur Zusammensetzung gegeben wird. 

20. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem die Zusammensetzung 
auf 40 bis SOX und vorzugsweise auf 50 bis 70°C erhitzt wird. 

21. Verfahren nach Anspruch 20, in welchem die Zusammensetzung 5 bis 20 Stunden lang erhitzt wird. 

22. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem das Virus fur Menschen 
nicht-infektios ist. 

23. Verfahren nach irgendeinem der Anspruche 1 bis 5, in welchem das Virus Sindbis-Virus, Herpes 
Simplex, ein Bakteriophage oder Enzephalomyocarditis - Virus ist und die Zusammensetzung im 
wesentlichen aus aktiviertem und unaktiviertem Faktor VII besteht 
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Revendications 



1. Procede de traiternent d'une composition enzymatique de coagulation du sang dans laguelle les 
enzymes de coagulation du sang sont presentes a une teneur de 3 a 50 fois leur concentration dans le 
plasma normal, la composition contenant un virus infectieux, ledit proced6 consistant a chauffer la 
composition a I'etat sec jusqu'a ce que le virus soit inactive et sans qu'il y ait une inactivation substantielle 
des enzymes de coagulation du sang. 

2. Procede pour inactiver un virus dans une composition enzymatique de coagulation du sang dans 
laquelle les enzymes de coagulation du sant sont presentes a une teneur de 3 a 50 fois leur concentration 

so dans le plasma normal et qui est presumee contenir un virus infectieux, ledit proc6de deactivation 
consistant essentiellement a chauffer la composition a I'etat sec jusqu'a ce que le virus soit inactive et sans 
qu'il y ait une inactivation substantielle des enzymes de coagulation du sang. 

3. Procede selon les revendications 1 ou 2, dans lequel la composition contient jusqu'a environ 5% 



65 



d'eau en poids. 

4. Procede selon la revendication 3, dans lequel la composition contient environ 1% d'eau en poids. 
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5. Procede seion I'une des revendications precedentes, dans lequel le virus est celui de ('hepatite A, B 
ou non-A, non-B. 

6. Procede selon I'une des revendications precedentes, dans lequel la composition contient egalement 
un facteur anti-hemolytique. 

5 7. Procede selon la revendication 6, dans lequel I'enzyme est la prothrombins ou le facteur VII, ou le 
facteur IX, ou le facteur X, ou le facteur XI, ou le facteur d'Hageman. 

8. Procede selon la revendication 7, dans lequel I'enzyme est active. 

9. Procede selon I'une des revendications 1 a 5, dans lequel la composition est sensiblement 
depourvue de thrombine, ou est sensiblement depourvue de plasminogene, ou est sensiblement 

to depourvue de prothrombine, ou est sensiblement depourvue de fibrinogene, ou est sensiblement 
depourvue de facteur antihemophylique, ou est sensiblement depourvue d'albumine, ou est sensiblement 
depourvue de facteur XIII, ou est sensiblement depourvue d'antithrombine III, ou est sensiblement 
depourvue de plasmine, ou est sensiblement depourvue de gamma-globuline. 

10. Procede selon I'une des revendications 1 a 6, dans lequel la composition contient environ de 1 a 3% 
is d'albumine en poids. 

11. Procede selon I'une des revendications precedentes, dans lequel Ea composition contient une 
quantite stabilisante de glycine, proline, ou d'un autre aminoacide. 

12. Procede selon I'une des revendications 1 a 10, dans lequel la composition comprend une quantite 
stabilisante d'un moyen non reducteur, choisie parmi les monosaccharides, les oligosaccharides, le 

20 mannitol, le sorbitol, ou les autres alcools de sucre. 

13. Procede selon I'une des revendications 1 a 10, dans lequel la composition contient moins d'une 
mole par litre d'un aminoacide et moins de 20% en poids d'un moyen non-reducteur, choisi parmi les 
monosaccharides, les oligosaccharides ou alcools de sucre. 

14. Procede selon I'une des revendications precedentes, dans lequel la composition a un pH compris 
25 entre 6 et 8. 

15. Proced6 selon les revendications 1 ou 2, dans lequel la composition est essentiellement un 
complexe de prothrombine, le facteur IX ou le facteur VII, et est activee et/ou non activee. 

16. Procecte selon I'une des revendications 1 a 6, dans lequel la composition contient un facteur IX, et 
est sensiblement depourvue d'autres enzymes de coagulation de sang. 

30 17. Procede selon I'une des revendications 1 a 6, dans lequel la composition contient les enzymes de 
coagulation du sang suivantes, en unites/ml: prothrombine de 1 a 10; facteur VII, total de 37 a 190: facteur 
VII active, le 8 a 80; facteur IX, total de 15 a 112; precurseur du facteur IX, de 0 a 30; facteur X, total de 1 a 
30; facteur X active, de 1 a 20; et thrombine, a moins de 0,003. 

18. Procede selon I'une des revendications precedentes, dans lequel la composition est filtree a travers 
35 un filtre sterile pour enlever les microorganismes eel I u la ires avant le chauffage de fa composition. 

19. Procede selon I'une des revendications precedentes, dans lequel I'azide ou un autre agent 
anti-microbien est ajoute a la composition. 

20. Procede seion I'une des revendications precedentes dans lequel la composition est chauffee de 40 a 
80°C et de preference de 50 a 70°C. 

40 21 . Procede selon la revendication 20, dans lequel la composition est chauffee pendant 5 a 200 heures. 

22. Procede selon I'une des revendications precedentes, dans lequel le virus est non infectieux pour les 
etres hu mains. 

23. Procede selon I'une des revendications 1 & 5, dans lequel le virus est un virus sindbis, en herpes 
simplex, un virus bacteriophage ou encephalomyiocarditis et la composition consiste essentiellement en 

45 un facteur VII active et non active. 
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